Abstract: In addition to antibiotic properties, medicinal plants are important sources of chemicals with potential application as pesticides. The present study deals with antitermitic potential of seed extracts of Withania somnifera (Indian ginseng), Croton tiglium (jamalgoota) and Hygrophila auriculata (talimkhana). The seed extracts caused changes in tunneling behaviour, number of bacterial colonies in hindgut and activities of enzymes in midgut of Odontotermes obesus. C. tiglium showed the lowest LT50 (12.85 and 2.65 h) among the three seed extracts at concentrations of 50% (half dilution of the extract) and 100% (extract without dilution), respectively. There was no tunneling in soil treated with 100% concentration of seed extracts of W. somnifera and C. tiglium. Numbers of bacterial colonies in the gut of termites from soils treated with 50% and 100% concentrations of the three plants did not differ significantly, but they differed from those in termites from untreated soil. At 50% concentrations of seed extracts of the tested plants, the difference in hindgut enzyme activities was not obvious, however, at 100% concentrations the enzyme activities in the termites from soils treated with seed extracts significantly differed from controls and differences were also recorded between the plants.
Introduction
Alternatives for synthetic insecticides to suppress termites in urban and agricultural environments are a subject of significant importance. Laboratory bioassays with a range of plant oils indicated the termiticide potential of some of them (Sbeghen et al. 2002; Zhu et al. 2001; Chang et al. 2001; Maistrello et al. 2003; Blaske et al. 2003; Singh et al. 2004) .
Chemicals derived from heartwood, bark/sapwood and leaves of twelve Juniperus species were effective against termites (Adams et al. 1988 ). Mortality of Heterotermes indicola (Wasmann, 1902) and Coptotermes heimi (Wasmann, 1902) was higher when exposed to seed extracts of Polygonum hydropiper and Cannabis sativa (52-64% and 70-74%, respectively) than after treatment with leaves extracts of these plants (28-54% and 28-58%, respectively). In another study, crude extracts of various reproductive and vegetative parts of Calotropis procera had similar effects on H. indicola (Badshah et al. 2004 (Badshah et al. , 2005 .
The information on mechanistic effect of plant chemicals on termites is lacking in scientific literature. Different antibiotics (tetracycline and ampicillin) and urea caused mortality of termites and depressed growth of gut protozoa in Reticulitermes flavipes Kollar, 1837 and R. viginicus Banks, 1907 (Waller 1996 . Vetiver oil reduced the number of symbiotic protozoa in Coptotermes formosanus Shiraki, 1909 (Maistrello et al. 2003) . Bacteria that are important components of symbiotic microorganisms in guts of higher termites have received little attention. However, there is growing evidence of the presence of anaerobes and aerobes in higher and lower termites (Ohkuma et al. 2001) .
In higher termites, fungus growing and soil feeding influence or modify the soil to varying extents (Bignell & Eggleton 2000) . Among fungus growers, Odontotermes obesus (Rambur, 1842) and many other species of Macrotermitinae are reported as pests of agricultural crops in Pakistan (Ijaz & Aslam 2003) . Aqueous extracts of Withania somnifera, Croton tiglium and Hygrophila auriculata have shown antibacterial and antimicrobial activities (Mahboob et al. 2007 ). The present study describes in situ changes in bacteria and gut enzymes of the workers of O. obesus in the presence of seed extracts of the three plants when applied to the soil. Extraction procedure for seeds Seed extracts of Withania somnifera, Croton tiglium and Hygrophila auriculata were prepared in the following buffer: 10 mM Na2HPO4, 15 mM NaH2PO4, 100 mM KCl, 2 mM EDTA, 1.5% polyvinylpolypyrrolidone, 1 mM phenylmethylsulphonylflouride (PMSF) and 2 mM thiourea in accordance with Terras et al. (1992) with minor changes. PMSF was dissolved in methylcellusolve and buffer was not ice cold in the present study. The dirt was removed from the seeds by washing in distilled water, thereafter seeds were soaked in distilled water for six days and nights for imbibition. After this period, the imbibed seeds were taken out of the distilled water and mixed separately with extraction buffer in a ratio of 1 : 2, i.e., 100 g of seeds were mixed with 200 ml extraction buffer. This mixture was homogenized and then centrifuged at 10,000 rpm at 4
Material and methods

Collection of termites
• C for 10 minutes to separate residues and supernatants; the residues were discarded and the supernatant was filtered through glass wool. The filtrates were stored at 4
• C in 100 ml-sterilized bottles. The filtrate was considered as 100% seed extract concentration, while 1 : 1 dilution of this material was 50% concentration.
Anti-termitic bioassay
Soil preparation. The soil used for carrying out bioassays was sandy clay loam (52.6% sand, 24.8% silt and 20.6% clay). Insecticides were not applied to the soil for control termites. The soil was sieved through a 30-mesh screen and moisture contents were determined by a Moisture Meter. Water was added into the soil to simulate 50% of water holding capacity and to avoid mortality of termites due to dehydration. Bioassay. 10 g of the above prepared soil was spread in a Petri dish (8.75 cm diameter) by using a sterilized spatula. Two concentrations (50% and 100%) of seed extracts of the three plants were added to the Petri dishes separately. The soil in the dishes was shuffled and the soil layer was made even with a sterilized spatula. Sugarcane strips (15 cm x 6 cm) were placed in each Petri dish to prevent termites from starvation. The total weight of each Petri dish (weight of empty Petri dish + weight of soil and sugarcane strip + weight of water or chemical added + weight of termites) was recorded. Forty workers of O. obesus were released in the Petri dishes containing seed extracts-treated and untreated soil. The dishes were placed in a growing chamber at 28 ± 2
• C and 80 ± 5% RH. Termites were examined every 2 h up to 12 h and then every 12 h until 100% mortality occurred. Each treatment was repeated five times. Probit analysis (POLO-PC) was used to make toxicological inferences. Formation of galleries (FG). The termites started tunneling at the bottom of each Petri dish around the sugarcane strip. The termite's response towards FG for each plant extract at each concentration after 5, 10, and 15 h was determined by plotting the tunnels on cellophane paper from three plates and the area (in mm 2 ) was measured by a planimeter. Tunneling activities were analysed by Factorial CRD. Gut bacteria population (GBP). Hindgut of fifteen workers (3 for each replication) from treated and untreated soil at different concentrations of seed extracts were dissected in insect saline and homogenized with 0.02 M phosphate buffer (pH 7.6). Ten-fold dilutions of the homogenates were transferred to sterilized plates containing nutrient agar in a laminar air-flow cabinet (at room temperature) and viable counts were estimated at 10 5 dilutions. Bacteria were incubated aerobically at 37
• C for 48 h. Numbers of bacterial colonies were counted for each dilution after 24 and 48 h for aerobic bacteria. Total bacterial colonies were calculated by multiplying the dilution factor. Enzymes assays. Midguts (20 for each replicate) of the surviving termites at the respective LT50 from seed extractstreated and untreated soils were dissected in insect saline and proteinase and cellulase activities were determined following Drapeau (1974) and Vidya et al. (1984) . The method of Shields et al. (1983) was applied for esterases. Fifty midguts of worker termites were dissected in insect saline and homogenized in 0.02 M phosphate buffer (pH 7.0). The homogenate was centrifuged at 10,000 g for 10 min. Supernatant was retained as loading materials for the gel. Equal amounts of protein samples (150 µg) were loaded on 8% polyacrylamide gel. Electrophoresis was performed at non denaturing conditions and constant current of 40 V at 4
• C. After electrophoresis gels were stained for esterase isozymes by Fast Blue RR.
Results
LT 50 values of different seed extracts are presented in Table 1 . C. tiglium showed the lowest LT 50 (12.85 and 2.65 h) among the three seed extracts at concentrations of 50 and 100%, respectively, whereas LT 50 at 50 and 100% concentrations of W. somnifera and H. auriculata extracts were 2-5 times higher.
The tunnel magnitudes of O. obesus in treated and untreated soil are given in Table 2 . Tunnel areas in soils treated with different concentrations of seed extracts differed significantly from those in untreated soil. There was no tunneling in soils treated with 100% seed extracts of W. somnifera and C. tiglium. At 50% concentration of C. tiglium and H. auriculata extracts, differences in tunnel areas were not significant.
Numbers of bacterial colonies in the gut of O. obesus surviving treatments with seed extracts are presented in Table 2 . Numbers of bacterial colonies in termites from soil treated with seed extracts did not differ significantly among the plants, but they were significantly lower than in controls.
Activities of proteinases and cellulases in the gut of termites from seed extract-treated soil are shown in Table 3 . At 50% concentrations, the differences in activities caused by various plants were not as obvious as at 100% concentrations, where the activities in the termites from treated soils significantly differed from controls. Lowest activities of proteinases (5.57 and 5.14) Explanations: 50% (half dilution of extract); 100% (undiluted extract). Values represent means ± SE. Means indicated by the same letter in a column are not significantly different (Duncan's multiple range test, P < 0.05). W. somnifera 5.5977 ± 0.00bc 5.2953 ± 0.02c 0.4440 ± 0.01b 0.3430 ± 0.00d C. tiglium 5.5720 ± 0.01c 5.1380 ± 0.02d 0.5100 ± 0.00a 0.3963 ± 0.00c H. auriculata 5.6310 ± 0.01b 5.5120 ± 0.00b 0.5166 ± 0.00a 0.4303 ± 0.01b Control 5.6893 ± 0.01a 5.6857 ± 0.01a 0.5173 ± 0.01a 0.5433 ± 0.01a LSD value 0.03845 0.09693 0.03212 0.02929
For explanations see Table 2 .
Control H. auriculata C. tiglium W. somnifera were detected in termites from soils treated with C. tiglium and of cellulases (0.44 and 0.34) in termites from soils treated with W. somnifera at 50 and 100% concentrations, respectively. Esterase bands in surviving termites at respective LT 50 s of the three seed extracts are presented in Fig. 1 . The termites from soils treated with extracts of C. tiglium and W. somnifera showed reduced bands as compared to controls and H. auriculata.
Discussion
The results of the present study show that seed extracts of W. somnifera, C. tiglium and H. auriculata offer a source of naturally occurring chemicals that could be used as termite controlling agents in soil application.
Previously it has been shown that phytochemicals of diverse chemical structure, such as terpenoids, flavonoids, limonoids, chinones and fatty acids had repellent, antifeedant, or toxic effects on termites in feeding assays (Zhu et al. 2001; Boue & Raina 2003; Maistrello et al. 2003 ). An insect antifeedant was isolated from Croton jatrophoides (Nihei et al. 2005) . There is no record of the presence of such compounds in C. tiglium used in the present study, however, seed extract of this plant showed the lowest LT 50 at 50 and 100% concentrations, followed by W. somnifera.
Chemicals showing antifeedant activities have also an effect on tunneling by termites (Richard et al. 2003; Mao & Henderson 2005) . Tunneling activity of termites was low in the presence of seed extracts of the three plants tested in this study.
The oil from Curcuma zedoaria rhizome was found to be highly insecticidal against Odontotermes obesus with the minimum dose of 2 µl per Petri dish at 24 h exposure causing 100% mortality. It also showed complete growth inhibition of Colletorichum falcatum mycelia at 4 µl applied to soil per Petri dish (Singh et al. 2003) . Vetiver oil and especially nootkatone affected Formosan subterranean termites and their symbiotic protozoa (Maistrello et al. 2003) . In contrast, in our study inhibition of bacterial colonies was found only at higher concetrations of seed extracts. The difference in these observations may be due to the types of chemicals contained in the plants. The level of extracts in oils (approx. 100% pure) differ from seed extracts. The ratio of seed to water was kept 1 : 2. The actual chemical/chemicals in the final supernatant may be present in quantities comparable to those in studies with oils.
To our knowledge, this is the first report on the effect of phytochemicals on enzyme systems in termites gut. In our study, all seed extracts affected activities of proteases, cellulases and esterases in the midgut of O. obesus, except for H. auriculata which did not reduce esterase activity. Activities of the enzymes were affected at high concentration (100%) of seed extracts. The low activities of the enzymes may be related to the inability of termites to degrade various organic compounds efficiently and thus lead to starvation and finally death of the termite workers. The wide esterase bands in termites from soil treated with H. auriculata may be due to reduced activity of inhibitors of esterases.
